Abstract -One of the first challenges faced by students who are starting a Computer Science degree is to acquire skills which allow them solving real life problems through the use of algorithms. Such skills require the development of the ability to abstract as well as to apply algorithms development techniques. As a result of the difficulty in obtaining these competences, there are high failure and dropout rates in courses of related to this field of study. In order to solve this problem, we propose a methodology based on VARK questionnaire to define the students' profile and, consequently, what are their appropriate educational materials and tools.
INTRODUCTION
The acquisition of the skills required for developing computer programs is one of the first challenges that students have to cope with, when starting a degree in Computer Science or related field of study. Therefore, the course units (CU) Algorithms and Programming, Introduction to Programming, Data Structures, Object Oriented Programming, among others, are absolutely necessary in the first and second years of any of these degrees. Within the listed CUs, Algorithms and Programming is the one that holds a higher level of difficulty, on the one hand, due to the need to develop the abstraction ability, which is unknown or little practiced by many of the students. Additionally, it is also important to understand the notion of algorithm; algorithms consist in the basis for training in computing courses, as previously mentioned. In other words, algorithms are the basis for the development of programs in any language. For this reason, it is highly difficult, if not impossible, for a student to perform well in the UCs that required the use of educational programming languages without a reasonable knowledge of algorithms development techniques [1] .
As mentioned, the algoritmia is known as a difficult subject for students, and is considered by many authors as coresponsible for high failure and dropout rates in many IT courses [2] , [3] .
Barcelos [4] emphasizes in his study the high students failure and dropout rates in CU algorithms, based on a research conducted during the school years 2008 and 2009 (2nd half of 2008 and the 1st and 2nd half of 2009). In this study, it was possible to assess the students' failure percentages above 50% in all semesters.
In order to improve the results of students in CU related to algorithms, they need to interact with the learning environment through all sensory directions, i.e., speaking, listening, reading, writing, as well as to experience and think about their own knowledge when attending the course content [5] .
Active learning theories make teachers and students to actively participate in their learning environment in order to explore, experiment, test and apply the knowledge acquired in the classroom to solve real-life problems, as the main goal of algorithms development [6] .
The main aim of the current research is to develop a proposal for a teaching-learning algorithms methodology oriented student profile, using the VARK questionnaire, and the identification of the most appropriate tools and materials that should be used in class, also according to the profile of students.
The rest of the paper is organized as follows. In the next section, a background of the addressed subjects is presented. The state of the art is described in the section III. In sections IV and V it is presented the methodology and the respective validation proposal is made. Finally, in the last section, conclusions are discussed.
II. BACKGROUND

A. Algorithms
The definition of algorithm has been given by several authors ( [7] , [8] , among others) throughout time. In [7] algorithm is defined as an "ordered sequence and unambiguous steps which lead to the solution of one problem" while [8] defines the algorithm as "a finite set of rules that provides a sequence of operations for solve a specific type of problem"and states that "the notion of algorithm is basic to all computer programming.". It is interesting noting that the presented definitions are summarized in the definition provided by Merriam-Webster dictionary (http://www.merriamwebster.com/dictionary/algorithm), in which algorithm is characterized as" a set of steps that are followed in order to solve a mathematical problem or to complete a computer process".
To solve a problem by building a computer program, while using the computer as a tool and following the "rules", it is necessary to perform an ordered set of steps. At the first -one of the most important stages -the problem to be solved must be identified. In the second stage, a set of steps should be used in order to build the solution for the problem before starting using the computer. After the problem definition, a detailed analysis of the problem should also be performed in order to obtain a set of smaller problems. Similarly, these problems should then be divided into smaller problems until each one of them can be treated as an indivisible task and whose solution can be seen in a global way, i.e., as the problem solution. Finally, for each problem, an algorithm should be constructed, and subsequently coded in a programming language (C, C #, Java, etc.).
There are several ways to represent the algorithms, either in writing or schematic forms, and to translate the problem resolution. The most common forms of algorithms' representation are: (i) Narrative description -a form written in Portuguese / English; (ii) Conventional flowchart; (iii) Chapin Diagram and (iv) Pseudocode. Altogether, these different forms enable students to build solutions for to a proposed problem.
B. Learning Styles
Throughout the past few years, several researches have been conducted, regarding the preference of students for the type of teaching / learning, since they have different ways of learning and have different self-abilities [9] . However, a student learning preference may also change throughout time, along with his maturation, and acquisition of different skills. All the various models developed to explain the different learning styles were here grouped into four general categories: a) personality models, b) information processing models, c) models of social interaction, d) models of instructional preferences [10] . The incompatibility between the preferred learning style and educational strategy used by each teacher leads to several consequences, as presented in [11] : (i) inattentive students; (ii) discouragement by the course; (iii) low grades; (iv) lack of interest; (v) hostilities and (vi) limited cooperation.
Analyzing, in particular the category d) -models of instructional preferences -the model which has gained more popularity, is the Visual, Aural, Read/write, and Kinesthetic questionnaire (VARK) [12] . VARK questionnaire (http://varklearn.com/the-vark-questionnaire) is simple and is designed to, on the one hand, help students meet their learning profile more effectively and, on the other, help teachers becoming more sensitive as regards the variety of learning strategies needed to reach all students [13] . However, this questionnaire cannot be used to draw conclusions about the strengths or weaknesses of an individual during the learning process [14] . The VARK questionnaire consists of sixteen multiple-choice questions with four items each, corresponding to the four modalities V, A, R and K [12] . This tool is useful for teachers who are seeking to develop additional teaching and learning strategies [15] , which should be more appropriate to the student's profile.
A student who has a V-type profile prefers to learn using graphics, symbolic representations, or video materials, or through the auditory input such as teacher's explanations or presentations. Obtaining an A type profile often indicates that a student perceives the information better if it is is auditory and verbal. This type of students prefers discussions, explanations or lectures, i.e., a more traditional behavioral approach (expositive classes). The student belonging to the type R profile prefer to get the input and to produce output through reading and writing, which represents information in the form of text instead of sound or images. Students with this profile are more favorable for self-study [16] , [17] . The kinesthetic (K) profile fancies more practical experience rather than other modes of perception. For K-type profile student it is worth highlighting the importance of real or simulated practice; students can achieve better learning outcomes from practical demonstrations of teaching topics. Nevertheless, it should be mentioned that no teacher or student is restricted to only a learning preference mode.
III. STATE OF THE ART
In this research it has not found any work about the use of VARK questionnaire for profiling, and further development of materials and neither the choice of tools for students attending UC algorithms. However, the number of research papers discussing the issue of teaching algorithms is very extensive and covers a lot of areas of intervention.
As indicated above, despite the lack of research in this topic, it is important to show its evolution. In [4] , the author presents a very interesting classification of several computer systems for teaching algorithms (about 31 proposals). It depends on the educational strategy, and points to the use of more than one strategy in the same proposal. The classification of the strategies used in the various proposals is: (i) Animation -nine proposals; (ii) Animation and flowcharts -four proposals; (iii) Collaboration -six proposals; (iv) Table Testthree proposals; (v) Plays -five proposals; (vi) Portugol with four proposals; (vii) Graphs -two proposals; (viii) System Intelligent Tutor -two proposals, and (ix) Teaching objectsone proposal .
In addition to these proposals it is possible to find a predominance of models using algorithms visualization tools [18] , [19] , [20] , [21] , [22] . Among the proposals analyzed, in the literature review presented in [22] , which took place from 2001 to 2013, and concerns the visualization tools algorithms for teaching data structures, are presented seventeen different proposals. It is worth noting that the submitted proposals did not considered or investigated the profiles of the students as well as their preferred learning styles, which is the differential issue pointed in the methodology proposed in the ongoing investigation.
IV. PROPOSED METHODOLOGY
In general, we can state that teachers should consider the learning styles of students while designing and throughout the development of UCs. Despite the fact that it may not be highly essential for teachers to test and instruct students in all situations, testing them with the VARK instrument -simple and fast -can provide important information to create an effective learning environment. To be aware of learning styles and considering its impact on the learning environments are the first steps towards an essential understanding of the profile of the students when developing a UC to teach algorithms.
A. The study hypotheses and research methodology
Two study hypotheses were set in order to understand the proposed methodology: (1) Can students with a profile obtained by VARK questionnaire have a better performance when targeted materials are used?; (2) It is possible to develop materials for a group whose the profiles are heterogeneous or in a group whose students have a predominant profile according to the results obtained from questionnaire VARK?
The obtained results will be based on a research technique that makes use of pre and post-tests that measure the knowledge acquired by students in a learning activity. Such tests consist on the application of a set of questions that must be answered by students before and after a particular activity. In particular, the pre-test allows determining the level of knowledge of participants on an issue that will be approached before training. The post-test consists in applying a set of questions with the same level of difficulty, in order to assess the evolution of the acquired skills [23] .
The comparison between the pre-test notes and the posttest, together with the profile obtained through the VARK questionnaire, it is possible to understand the benefits of the activity and what are the appropriate materials to enhance the increased knowledge of the students and, consequently, lead to a decrease in failure and dropout rates [2] , [3] . Furthermore, it should also contribute to the identification of the gaps present in the teaching-learning process regarding students that hold no predominant profile.
B. Methodology
As discussed previously it is important to define the students profile in order to help in the design and development of teaching materials. With this assumption a methodology is proposed. It consists of five different components with a defined sequence (Figure 1 ). In the component (A) the VARK questionnaire is used to analyze the profile of each one of the students who attend UC algorithms in order to understand what kind of teaching materials need to be built and made available for (B) (for instance, if those materials should be more descriptive or visual, etc). Based on the results and constructed materials it is necessary to carry out its distribution to different types of devices, namely, if the model is applied to classroom teaching, distance learning (e-learning), blended learning (b-learning), or to be used only in mobile devices (mobile learning, m-learning) (C). For instance, the use of e-learning or m-learning involves the production of materials appropriate for such type of devices. Some of the most important components in the teaching-learning models are the used evaluation methodologies (D). The whole methodology has a monitoring and control process (E) which allows the adjustment of the materials, devices used and evaluation methodology, as long as students and teachers understand these needs.
C. Teaching materials
As mentioned in previous sections, the use of different learning materials is required. For this reason, examples of teaching materials that meet the needs of each profile will be presented.
For students who have an A type profile, podcasts are a good approach. A podcast is a lesson / lecture prerecorded and distributed via Internet or in a mobile device, allowing students to hear it as often and when and where they want. There are many ways to share the podcast. Probably one of the most well-known is through iTunes. However, there are other tools, such as Audioboo (https://audioboom.com/about/education). An interesting example of using podcasts to support computer science education is podcasts produced by Alan O'Donohoe (http://audioboom.com/users/104685/boos).
For students with V type profile, tutorial videos and graphics are more appealing. Through the use of video tutorials, also known as vodcasting, the teacher can record the lesson / session and make it available in the Internet if shared share openly at YouTube, SchoolTube, TeacherTube, or more restrictively in the institution LMS platform. The class "Algorithms, Structures, Pseudocode, Flowcharts" (https://www.youtube.com/watch?v=eXH5Pg-VZks) is an example of the shared distribution of high quality content. In this context students can follow the lesson / session outside the classroom and use class time / session to explore the some other concepts in more detail.
For students with R type profile, wikis can be a good solution as it allows groups of individuals (students and teachers) to develop collaboratively sites without any knowledge or site design experience. Thus, a wiki can be used to save instructional videos and associated resources so that it is possible to assist in the concepts incorporation of algorithms abstraction. Students can then update the wiki and summarize what they have learned. Free tools like PBworks (http://pbworks.com/education) and Wikispaces Classroom (http://www.wikispaces.com) are hypotheses for creating wikis. Wikispaces Classroom extends the collaborative editing features of a wiki, including some additional features to support the lessons, characteristics such as social interaction and formative assessment. Teachers can also monitor how often the student reads, edits or save a page.
In the learning process of students with a K-type profile, each student learns by active physical activities, which is just the opposite of being passively listening to theoretical explanations, for example, through lectures and colloquia. This way, the elements introduced to meet this concept in teaching algorithms are the tools where the student can see the result of their algorithmic solution. These tools can include VisuAlg (http://www.guanabara.info/logica/Ferramentas/visualgv25.exe), the Webportugol 1 (http://www.guiadoexcel.com.br/webportugol/webportugol.html), among others. In this type of tools the student can observe the solution step by step and see how this is evolving, especially as a result of the feedback provided by the tools. This type of solution 1 This link contains Java, and it obliges the user to "open" his/her computer to the Java security issues.
contrasts with the traditional teaching algorithms solutions that are made by pencil and paper.
D. Proposal for methodology validation
In order to decide what is taught in the first lectures of algorithms, the VARK questionnaire must be completed by student, so it is possible to obtain the their profiles, as well as pre-and post-tests, so their knowledge can be assessed.
The lessons that take place between the pre and post-test should consist in carrying out teaching activities using the materials and tools according to the profile designed by the VARK questionnaire. In each lesson, students will receive a set of programming exercises (algorithms with different degrees of difficulty, but related to the same topic, for example, conditional structures). In the first lesson sequence programming will be addressed while the second it should be discussed the use of conditional structures. In the following lessons students will explore the supporting resources, according to their profile, or other profiles, for a better understanding of the concepts. Any assessment made by students will be used to understand the development of exercises on sequential programming and on the implementation of conditional structures. The exercise evaluation will be divided as follows: (i) Variables identification; (ii) Input; (iii) Processing; (iv) Results and (v) Conditional structures utilization.
The results will correlate the students' performance in the pre and post-test according to their profiles in order to verify the two hypotheses previously defined. This comparison should reflect the benefits of using training materials in accordance with the defined profile.
V. CONCLUSIONS
The ability to abstract and to perceive what an algorithm is can be the very first challenges to a student, which is starting his degree in a computer field of study. These two difficulties have been shown to induce the high failure and dropout rates of students in courses in this area.
This way, the main goal of the current research was the proposal of a methodology based on VARK questionnaire to define the students' profile and, consequently, what are the materials and tools more appropriate when teaching algorithms.
It was intended, in this research, to test the proposed methodology, and allow further development, based on the results obtained, in order to evaluate situations where a profile is predominant in a group of students. One possible solution, according to the size of the student group, is to build different student subgroups according to their profile.
